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A  KEDIUN  WITH  A  ESaXTlVS  ABSORPTION  FACTOR 


by 

F.  A.  Butri/eva  and  7.  A^  Plabrlkant 

At  Is  known,  nore  th.^n  forty  years  Sinstein  J_  1_J  aade  his  presen¬ 

tation  about  the  phenomena  of  negative  absorption  (induced  emission).  The  ex¬ 
istence  of  negative  absorption  was  not  (questioned  by  axiyone  because  it  was  an 
unavoidable  consequence  from  very  general  considerations.  However,  the  matter 
of  direct  experimental  confirmation  of  the  existence  of  negative  absorption 
stood  in  much  worse  circumstances.  The  investigations  of  Ladenburg  £  2_/i 
dependently  of  an  evaluation  of  their  demonstrability ,  ware  devoted  to  the  ef¬ 
fect  of  negative  dispersion,  and  not  to  absorption.  These  two  effects,  of 
course,  are  inseparably  connected,  but  Just  the  same  they  are  different  in 
their  nature.  In  this  sense  the  experimental  checking  of  the  formula  of 
Planck,  cestainly,  represented  a  more  direct  way  of  confirming  the  existence 
of  the  phenomena  of  negative  absorption  (term  in  the  denomenator  of  Planck's 
formula)!. 

The  difficulty  in  observing  negative  absorption  is  to  be  found  in  the  fact 
that  under  conditions  of  equilibrium  negative  absorption  overlaps  with  ordinary 
absorption. 

In  19^0  one  of  the  authors  of  this  article  J_  indicated  the  conditions 
in  sdiich  one  rhould  expect  negative  absorption  to  prev-ill  over  ordinary  absori)- 
tlon,  and  there  was  formulated  the  principle  of  molecular  amplification;  "For 
this  it  is  necessary  that  exceed  the  ratio  of  static  weights  ^  The  lat- 

^  It  is  Interesting  to  note  that  negative  absorption  assures  the  trans- 

the  Jeans 

ition  from  Planck's  formula  to/^Raylei^i^  formula  in  the  field  of  low  frequen¬ 
cies.  This  indicates  a  more  classical  nature  for  negative  absorption  than  is 
generally  accepted. 
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t«r  h»t  not  b««n  one*  ob««rv*d  In  a  dlscharg*  notwithctandln^  th*  fact  that 
■uch  a  ralationnhlp  of  concantration  can  In  principle  be  realised  ...  In 
such  experiaente  we  will  get  an  intensity  of  outgoing  radiation  greater  than 
the  incident  one,  and  it  would  be  possible  to  speak  about  a  direct  experinent- 
al  deaonstration  of  the  existence  of  negatiwe  absorption 3_/> 

The  indicated  conditions  were  first  realised  in  certain  experiaents  by  Laab 
in  aeasuring  the  displaceaent  of  the  hydrogen  levels  l_  ^ J ,  vihere  negative  ab¬ 
sorption  is  used  for  breaking  down  the  aetastable  atoas  of  hydrogen. 

Basov  and  Prokhorov,  as  well  as  Qordon,  Zeiger,  and  Townes  very  del¬ 
icately  made  use  of  the  abov»-indicated  principle  of  radiation  amplification 
for  creai.lng  a  molecular  generator  of  microwave  radiation  j_  SU  • 

Basov  and  Prokhorov  gave  a  detailed  theory  for  the  molecular  generator  j_  5  /. 
The  aim  of  the  present  experimentation  consisted  in  the  investigation  of 
the  effect  of  negative  absorption  in  the  ordinary  optical  range.  Preliminar¬ 
ily  an  analysis  is  made  of  the  peculiarity  of  the  optical  properties  of  the 
medium  with  a  negative  factor  of  absorption^. 

1  In  the  patent  claln  by  7.  A.  JV\brikan‘,  M.  M.  Bhdynskiy,  and  F.  A.  Bu¬ 
tayeva  of  June  18,  1951.  and  in  the  supplement  to  it  of  June  16,  1951  ^prior- 
ity  statement  Ho.  0270— ;d423  MPSS)  thero.was  a  brief  exposition  of  the  theory  of 
optical  amplifications  of  radiation  (now  called  "masers")  and  the  possibility 
^s  indicated  of  the  application  of  the  given  principle  for  the  amplification 
of  radio  waves.  In  the  same  text  there  was  described  u  method  for  obt/<ining 
Inequillbrised  conditions  by  irradiating  the  medium  frosi  an  auxiliary  sottree 
of  waves,  which,  as  is  known,  has  found  practical  application  in  "masers  (Hote 
of  the  authors  in  correcting). 

Obtaining  a  leg* live  Abaorption  Factor 
We  recall  some  known  relationships.  The  absorption  factor  k,is  connected 
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with  th«  — —  prohahlliti«g  of  ahaorptlort  Bj^2  nggatlT#  absorption 

^21  In  the  following  fon 

(A) 

where  the  Integral  Is  taken  wltt^the  limits  of  the  spectral  lines  correspond^ 
in«  to  the  transition  ^  1.  Hi  and  N^t  the  concentration  of  the  atoms  or 

molecules  at  the  levels  Hi  and  S^. 

In  conditions  of  thermodynamic  equilibrium 

(^n  +  "  BufJii,  (2 ) 

where  A21  Is  the  probability  of  spontaneous 
hence 


1. 


e.  , 


(B,J^t-BnNt)>0-,\k4i>0 


(}( 


and,  consequently,  the  phenomena  of  ordinary  absorption  prevails  over  the  phe¬ 
nomena  of  negative  absorption.  This  is  —  connected  with  the  squllibrised 
character  of  the  distribution  of  atoms  over  energy  levels. 

By  making  use  of  the  known  connection  between  .nd  we  get: 


In  squllibrised  conditions 


and  the  second  member  in  parenthesis  is  less  than  unity. 

In  this  way  under  conditions  f  thermodynamic  equilibrium  the  absorp¬ 
tion  factor  is  always  positive. 

Only  under  conditions  of  noncquillbrium  on  c-^n  expect  to  ket  a  medium 

with  a  negative  - -  absorption  factor  btcaust  in  thess  conditions  squallty  {d) 

for 


is  no  lotKger  valid.  Trom  (S)  it  is  —  clerr  that 


obtaining  of  the  nega¬ 


tive  factor  of  absorption  It  is  necestary  to  accomniith  the  inequality 

W,w|! 

ft* 


17) 


T  i>-nt.iii4/i  I 


within  the  llelte  with  rery  large  ^ 

31 


Inequlllhrlsed  condition  can  he  both  stationary  and  nonetationary.  in 
•tati'^nary  conditions  the  ratio  of  concentrations  is  determined  ^  the  sim¬ 
ple  equality 

N% 

Si  »i*i*  (9) 


of 

where  '.nd  are  the  numbers  of  the  cases  of  excitation  /}  atoms  in  one 
second  to  the  levels  Si  S^  and  TTi  and 'f'2  are  the  durations  of  the  lives 
of  the  atoms  at  these  levels* 

The  number  of  cases  of  excitation  inciudes  both  the  optical  nonoptical 
processes. 

The  ^  11'  also  expressed  as 


(9a) 


where  reriresents  the  probabilities  of  destiuction  of  tlie  excited  at' one 
through  possible  processes. 

The  inequality  (7)  is  converted  into 


gt 
ti ' 


(10) 


The  inequality - (10)  makes  it  poBsibl>*  to  select  conditions  favorable 

for  getting  a  negative  absorption  factor. 

¥or  example,  it  is  clear,  that  the  selective  abridgement  of  the  durability 
of  the  life  of  the  low  level  repreetnts  one  of  the  ways  for  getting  the  ncce^ 
sary  conditions.  Another  way  is  the  selective  excitation  up  the  high  level. 

In  the  practicf<l  accompli shment  of  the  experiments  the  value  ol  the  ab¬ 
sorption  factor  is  also  substanti-'l,  '.nd  this  is  determined  by  the  probability 
Bgj.  the  concentration  of  atoms  Ng  and  the  frequency'^.  In  particular,  if 
the  upper  level  is  metastable  the  concentration  of  atoms  at  it  usually  is 
higher  than  at  a  lower  level  which  has  the  same  life  durability,  but  in  this 
case  it  if  important  that  it  lead  to  little  probability  of  optical  transit  ion 
of  to  a  lower  level. 


As  is  known 

Bence 

of 

If  the  snallness  A^]^  is  connected  with  the  snallnesF  of  the  square  of 

the  dipole  nonent  , - then  to  the  A21  there  will  correspond  the 

low  B2^i  and  obserration  of  the  effect e  of  negative  absorption  become  ouch 
more  difficult. 

If,  on  tne  other  hand,  the  smalinesB  of  A21  is  connected  with  the  smallnese 
of  ,  and  the  dipole  oooent  is  great,  then  favorable  condltlonfi  exist  for  ob- 
Bervln5  the  effects  brought  about  by  negative  absorption.  Just  such  a  eitua- 
tlrn  occurs  in  the  microwave  range.  On  the  other  hand,  despite  the  great 
value  for  the  conditions  of  the  experiments  by  Lamb  and  of  the  microwave 

generator  correspond  to  snail  absolute  values  for  the  absorption  factor.  This 
iB  explained,  according  to  (b),  by  the  low  frequency  of-^  and  email  concen¬ 
tration  of 

In  the  experiments  by  R,  Ladenburg  both  the  frequency -^3  and  the  concen¬ 
tration  N2  have  much  greater  valuee  (visiWe  part  oi  the  soectrum  md  dlpcharge 
in  inert  gases),  but  the  inequality  — — (10)  is  not  fulfilled.  As  is  known, 
in  the  usual  electrical  discharge  the  concentration  of  atoms  at  the  upper  lev¬ 
els  le  less  a.nd  not  greater  than  the  Brlttmann  onee  '}_} %  ''herefore  the  cases 
of  negative  absorption  not  only  do  not  exceed  theec  of  ordinary  absorption, 
but  their  role  is  less  even  than  in  equllbrium  conditions. 

In  the  optical  range  often 

(12a) 

Then,  according  to  tb)  and  (9) 

U3) 

By  taJcliv'  the  length  of  — —wave  '<i'’tl  of  line  of  tns  order 

in^— 10^  .  kws  of  the  order  10“-  cf for  Oy  we  obtain  a  value  of  the  ordef 


jfsil** 


(11) 


(12) 
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10^5—10^^,  which  corresponds  to  a  guppl/  of  3)ower  ot  iO”^— 10"3  V/cm3. 

We  undertook  to  create  conditions  corresponding  to  the  great  absolute  vsJL- 
ues  of  the  absorption  coefficients.  Before  passing  on  to  these  ezperlnents 
one  should  consider  the  peculiarities  of  the  optical  properties  of  t)rie  nedlua 
with  negative  absozption  factor. 

QptatOl  fronertles  of  the  Medlua  with  Heaative  Absorption  Ihctop 
As  is  knov/n,  radiation  occurring  as  a  result  of  the  phenonena  of  nega¬ 
tive  absorption  should  be  consistent  with  the  radiation  causing  the  phenonena 
and  have  the  sane  direction.  The  radiation  of  a  mediun  brought  about  by 
spontaneouB  emission,  generally  speaking,  is  inconsletant  with  this  radiation. 
For  the  coherent  p^rt  of  the  intensity  of  the  beam  being  propagated  in  a 
medium  with  negative  absorption  factor  one  can  write  an  equation: 

(14) 

Hence  *’  , 

The  observable  in' enslty  will  be  greater  than  lq(x)  on  account  of  the 
spontaneous  radiation  of  the  medium,  but  when  working  with  snr-lT  noild  angles 
one  may  maize  the  role  of  the  spontaneous  radiation  small.  In  the  molecular 
generator  thf  dlrectablllty  of  the  negative  absorption,  apparently,  is  not  so 
Important. 

To  the  equation  (14)  there  correspondr  the  avalanchsiUk*  increase  In  the 

intensity  in  proportion  t  the  Propagation  of  the  bscim,  which  is  analogoia 

elsetron 

to  the  r  avalanche  in  a  discharge. 

One  should  remmeber  that  the  absorption  factor  k  can  depend  very  much  on 
Iq  .  Instances  of  negative  absorption  can  noticeably  decrease  the  durability 
of  the  life  of  atom#  at  the  upper  level  transferring  th««  *^0  the  lower 
IkTel  (which  at  the  eame  time  increasee  i^).  In  the  experiments  of  Lambi[2 
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it  elnply  InTtrttljr  proportional  to  the  intensity  of  tht  radiation,  to  that 
tho  ■etattahle  atoat  are  broken  down  practically  only  on  account  of  the  ne^ 
atlre  absorption. 

Beuidet,  in  these  conditions  —  the  fonmila  (8)  is  Talid  because  H2>N2^. 
Therefore  the  absorption  factor  k  is  inversely  proportional  to  1^  ,  and  the 
equation  (14)  takes  the  fora 

H,  (14a) 

where  Is  the  constant  '  ; 


Then  Instead  of  (15)  we  get 


/.(*)“ /.(0)  + OX- 


(3.5a) 


The  correlation  (15a)  is  valid  only  for  sufficiently  great  Intensities 


where tr 2  determined  by  the  Instances  of  negative  absorption. 

?roB  (15a)  It  follows  that  Is  not  proportional  to  1^(0),  1.  e. ,  we 

have  a  cate  of  nonlinear  optics. 


denerally  with  k^  depending  on  ^  nonlinear  effects  occur. 

The  properties  of  the  aediua  depend  on  th(  intensity  of  the  radiation 
passing  through  It,  and  thus  there  Is  broken  down  the  principle  of  superp^ 
sltlon  (analogous  queetlone  for  nosltlve  absorption  factor  are  considered 
by  S.  1.  Tavllov  [_  ?_/).  The  Indicated  clrcunetance  sets  a  limit  to  the  ava- 


lanchellke  Increase  In  intensity  and  restricts  the  area  of  the  applicability 
of  the  relationship  (15).  The  Bazlsnia  attainable  value  for  the  absorption 
factor  Is  proportional  to  which  characterises  the  excitation  of  the  atone 
up  to  the  upper  level.  In  this  case  there  occurs  practical  equality  between 
d|>  md  the  nunber  of  the  Instances  of  egatlve  absorption  in  one  second. 

Due  to  the  negative  absorptioii  all  the  energy  supplied  to  the  atoms  In 
excitation  Is  radiated  within  the  llMts  of  a  snail  solid  angle,  deterninable 
by  the  angular  opening  of  the  bean.  Basov  and  Prokhorov  £  5_/  pointed  to  the 
nonlinearity  as  the  factor  detemlnin^'  the  annlltude  of  the  oeclilatione  in  the 
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■olecular  generator . 

The  trauisparence  of  the  layer  of  the  hooogeneoue  aedlun  under  cci>- 
ditlone  of  the  Tallditjr  of  the  relationship  (15)  ie  eq^ual  to 

(16) 

where  L  is  the  thicknees  of  the  layer. 

In  this  way  the  transparency  of  the  layer  exceeds  unity,  which  does  not 

contradict,  of  couree,  the  law  of -  conserwation  of  energy.  By  rirtue  of 

th*(nogatlTe  absorption  there  occurs  a  redistribution  along  the  angles  of  the 
energy  of  radiation  emitted  by  the  excited  atoms  of  the  medium,  and  the  proba¬ 
bility  of  the  optical  uroceeses  of  emission  of  energy  is  increased. 

Let  us  pass  on  to  a  consideration  of  the  radiation  proper  of  the  homo¬ 
geneous  plane  layer  of  a  medium  #ith  a  negatire  absorption  factor.  In  assuse* 
ing  the  layer  to  be  homogeneous  we  disregard  the  nonhomogeneity  brought  about 
by  the  erents  of  negatire  absorption,  i.  e. ,  we  limit  ourselres  'o  the  field  of 

the  applicability  of  the  relationshlu  (16). 
a 

7roa  /\  layer  of  the  thickness  dx  outside  there  is  emitted  a  radiation  of 
the  intensity  <(/,» (1?) 

where  le  the  emission  capacity  of  the  medium. 

From  (16)  it  follows  that 

(la) 

Since  the  conditions  are  not  in  equilibrium,  the  ratio  ^  cannot  be  equat¬ 
ed  with  the  emission  capacity  of  an  absolutely  black  body.  It  is  generdly 
clear  that  for  such  conditions  Kirhhoff's  law  ie  altogether  inaprlicable. 

In  a  medium  with  a  positive  absorption  factor  with  the  increase  in  the  thidkw- 
ness  of  the  layer  the  conditinns  approach  equilibrium,  and  the  intensities  of 
the  spectral  lines,  as  a  rule,  smooth  out.  In  a  medium  with  negative  absorfe* 
tion  factor,  on  the  other  hand,  in  accordance  with  (IH),  with  the  increase  in 
the  thickness  there  can  be  an  increase  in  the  intensities  of  the  spfctral 
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lln*i.  This  la  connected  with  the  fact  that  greater  k  generally  corre> 
aponda  to  greater  (proportionality  between  A21  >^nd  B22).  Bealdea,  it 
followa  from  (18)  that  in  proportion  aa  the  thickneaa  of  the  layer  Increaaea, 
the  half  width  of  the  apectral  linea  ahould  not  increase  hut  decrease,  since 
the  greater  corre aponda  to  the  center  of  the  apectral  line.  Attention 
was  also  focuaed  on  this  circumstance  in  the  theory  of  the  molecular  genera¬ 
tor  L  5_7. 

In  accordance  with  (18)  the  indicatrix  of  radiation  of  the  layer  will  be 
broader  than  the  Lommel  one,  correcponding  to  k^,  equal  to  aero. 

I'hft  problem  of  the  limiting  Intenaitlca  cannot  be  analyzed  on  the  basis 

with 

of  the  correlation  (18),  since ^  thie  we  pass  outside  of  the  limit  of  the 
area  of  the  applicability  of  this  relationship.  In  any  cace  with  a  negative 
there  will  not  occur  a  rapid  saturation  of  I^  with  the  increase  of  L,  which 
la  characteristic  for  media  with  a  positive  absorption  factor. 

Bxueriments  in  the  Creation  of  a  Medium  with  a  negative  Absorption  Factor 

Since  in  the  visible  part  of  the  spectrum  the  frequencies  are  of  the  or¬ 
der  of  10^5  sec"^,  to  the  forbidden  spontaneous  transitions  there  should  coi^ 

respond  Inflnitesimilly  sraf-ll  dipole - nonents.  Therefore  the  expei'- 

iment B  in  this  region  of  the  spectrum  should  be  based  on  the  use  of  allowed 
transitions,  which  makes  ditficult  the  obtaining  of  the  necessary  ratio  of 
concontretlons  of  excited  atoms  it  the  upper  and  lower  levels.  "he  spontan- 

-  ecus  transitions  reduce  X  increase  ^  ,  >nd  thereby  obstruct  the  olw- 

talnlng  of  the  conditions  corresponding  to  the  inequality  (10).  In  thle 
tense  the  mlcrowawe  range  is  snich  more  favorable.  la  ihie  connection  high 
frequency  is  favorable  from  ’he  point  of  view  of  the  absolute  value  of  the 
absorption  factor  ^  equa'ion  (8)_/. 

Our  first  trial  was  based  on  the  method  in  which  the  atome  are  indirectly 
excited  up  to  the  M  unner  level  anc  get  to  the  lower  level  only  thipugh 
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•pontan*o«»  and  forced  ^  traneitlone  froa  the  upper  level,  'rhie  urovee  to 
he  analogous  to  the  "sorting  out*  of  the  molecules  In  the  molecular  genera 
tor  (5).  Apparently,  such  a  situation  gives  the  most  favorable  ratios-—  of 

3(1  and 0(2  for  a  given  pair  of  excited  levels.  for  getting  - - -  suitable 

ration  of  and  »||2  tt  is  important  that  from  the  top  level  only  lines  begin 
used  for  observation  of  negative  absorption. 

The  presence  of  "excess"  transitions  leads  to  undesirable  shortening  of 

One  could  expect  that  corrc^pond-ng  conditions  occur  in  the  fluorescence 
of  the  vapors  of  cesium  produced  by  the  Intensive  helluir  line  J,0«0,65.  As 
was  estabiished  by  Boecner  £  H_/,  this  line  gives  rite  to  thf  Li  .nsltion 
to  which  in  the  spectrum  of  cesium  there  corresponds  the  line 
9>bb0.63.  With  the  addition  of  some  inert  gas  (for  eiumpic,  the  s >me  helium), 
the  atoms  of  cesium  because  of  the  collisions  pass  from  tlie  level  to  the 

level  (distance  of  0.01  ev). 

In  the  spectrum  of  fluoresceiice  there  appear  the  lines  6,yo;)(B"^Dyj_^ -V 
6,7ii3(a^Dy^7=^P^),  and  6 .973(a=^Df;.— 7%^) . 

The  durations  of  life  of  the  upper  !•  vels  should  be  more  than 

for  the  lower  levels  7^P. 

ies 

This  is  explJiined  by  the  fact  that  the  probablll-t  of  spontaneous  trans- 

ions  - B^P— »7^P  should  be  consluerwibiy  less  than  the  probabiiitiec  -^or  the 

transitions  7^I>-y6^S  corresponding  to  the  resor-ance  line  of  cesium.  A  coss- 
plicatlnic  circumstance  is  afforded  by  the  "capture"  of  the  resonance  radiation 
raising  the  etiec*ixe  duration  of  the  life  of  the  atoos  at  the  levels 
Unfortunately  for  cesium  data  are  lacking  needed  for  quantitative  evaluation 
ratio Tj  S«v«fthelees,  on  the  whole  one  should  expect  the  fulfillment 

of  the  Inequality  (10).  The  vapore  of  cesium  filled  a  veetel  of  the  Wood 
type  with  a  length  of  ;u0  mm  and  diameter  of  2B  mm.,  Into  the  vessel  ther» 
were  edded  helium  and  other  inert  gases  with  preeeuret  of  the  order  of  some 
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few  BD  of  the  Bg  column.  The  J  of  the  ~»apore  wae 

cited  with  the  aid  of  three  loop-shaped  helium  iPJips  located  on  the  sides  of 
the  Tsssel.  The  basic  part  of  the  vessel  and  the  lamps  were  enclosed  In  a 
reflecting  Jacket  heated  from  the  outside.  The  pressure  of  the  vapors  of  c»> 
slum  was  regulated  with  aid  of  an  extension  kept  at  a  lower  temperature  than 
the  basic  furnace. 

The  dlametei'  of  the  helium  lamps  was  10  mm,  length  300  mm,  current 
strength  ^00~5on  na,  and  voltage  5,000  v. 

The  silt  of  the  three-pris*  spectograph  of  the  Zeiss  Company  was  located 
In  the  main  focus  of  the  condenser  lense,  the  optical  axis  of  which  coincided 
with  the  axle  of  the  vessel  with  vapors. 

ities  of 

Tor  the  lines  6,^83,  6?ii3,  and -  6,y73  —  the  probabll  ' have 

ratios,  according  to  the  rule  of  sums,  as  1  :  5  :  y.  Therelore,  on  the  basis 
of  ^18)  one  should  expect  changee  In  the  ratios  of  'he  Intensities  of  these 
!%««••  with  changes  In  the  lnt«fititf*S  of  the  exciting  radiation. 

Particularly,  witn  an  increase  In  the  Intensity  of  the  exciting  ratdlatlon 
the  Intensities  of  the  lines  6,723  'uid  6,973  should  increase  with  relation  to 
the  line  6,983. 

Actually  with  the  temperature  of  the  extension  of  the  resonance  vessel 
at  1^0®C  corresponding  effects  were  obt  »lned.  In  the  table  there  are  cosi- 
-oiled  the  results  for  two  values  of  the  currents  in  the  helium  lamps. 

Notliithatanding  the  obtaining  of  effects  with  the  necessary  sign, 
the  method  In  question  cannot  be  considered  sufficiently  direct.  Besides,  the 
too  large  value  for  the  observed  effect  arouses  doubt.  Checking  experiments 

with  change  in  the  length  of  the  radiating  layer  did  not  give  clear  resulte. 
’'hsrefore  another  more  direct  method  was  used. 

As  a  second  metiod  for  obtaining  a  negative  factor  of  absorption  there 
WHS  used  an  art if lei -4  shortenlac  of  the  life  duration  of  the  excited  atosis 
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Table 

Ratios  of  Intensities 


Intensitjr 

i6yB3 

^6973 

I99B3 


Current,  na 

200  500 

3.9  5.3 

5.4  6 


As  a  subject  for  investigations  there  was  chosen  the  visible  triplet  of 
mercury  73si-463Po^l^2- 

The  vapors  of  the  mercury  were  excited  with  the  aid  of  a  glow  discharge. 
In  the  cathod  parts  of  the  glow  discharge  there  are  compsiratlvely  fast  elec- 
— '  trons,  which  assures  a  favorable  ratio  for  (Xi  and  0^2*  shortening  the 

life  duration  of  the  lower  levels  there  was  added  hydrogen  with  a  pressure  of 
some  mx  of  the  Hg  column. 

As  is  tcnown  hydrogen  powerfully  breaJcs  down  the  excited  atoms  of  mercury 
at  the  levels  6^P.  With  the  aid  of  a  narrow  mercury  lamp  there  was  deter- 
nlned  the  transparency  of  the  discharge  tube  wl'^h  a  mixture  of  vapors  of  mer¬ 
cury  and  hydrogen.  With  this  objective  uclng  two  lenses,  the  image  of  the 
slit  illuminated  by  a  narrow  lamp  was  focused  on  the  input  slit  of  a  monochro- 
mitor.  Betwe>»n  the  lenses  in  a  pnrallel  space  there  is  located  a  discharge 
tube.  The  length  of  the  tube  is  360  nm  (L)  and  the  diameter  75  mm.  Behind 

the  output  slit  of  the  monochromator  there  was  a  photo - multiplier 

connected  with  a  sensitive  galvanometer. 

With  the  aid  of  the  described  eetup  there  were  obeerved  right  along  vil- 
ues  for  traneparency  above  unity,  i.  e. .  the  effect  of  negative  absorpHon  in 
the  pure  form. 

Ae  an  illuetration  we  present  data  obt>iined  with  a  pressure  of  the  rneiw. 
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cury  Tapori  of  the  order  of  10“^  *a  of  the  Eg  coluaa,  preecure  of  the  hydro¬ 
gen  of  0.3  n  of  th»>  Hg  coluon,  and  a  dieeharge  current  of  70  bh 
X .  5461  4358  404? 

.  .  .  .  .  1.10—1.14  l.Ott— 1.10  0.95—1.0 

The  experiaente  were  repeated  with  the  addition  of  heliua  with  a  pre^ 
sure  of  4  kb  of  the  Hg  colua  to  the  aercury  vapore.  The  current  of  the  die- 
charge  wae  125  aa.  The  addition  of  helium  unexpectedly  lead  to  the  obtain¬ 
ing  of  eren  greater  effects. 

•X  .  .  .  .  ..  5461  4358  4047 

T^ . 1.14—1.29  1.1>-1.23  1.20  (T) 

Oecreaeing  the  preesure  of  the  helium  led  to  a  decreasing  of  the  effects. 
Tor  a  check  measurements  were  made  in  the  direction  perpendicular  to  the  in- 
-  — itial  one  when  there  was  a  sharp  diminution  in  the  length  of  L.  These 
measurements  gave  a  sharp  diminution  of  the  effects.  It  is  interesting  to 
note  that  the  cooling  of  the  discharge  tuba  (lowering  the  pressure  of  the  mer¬ 
cury  vapors)  led  to  a  change  of  the  sign  of  the  absorption  effects,  i.  e. , 
the  transparency  for  '^ll  the  lines  became  less  than  unity.  In  this  case,  as 
usual,  absorption  has  great!\^lue8  for  the  lines  5461  <nd  4047  S, which  end  at 
the  aetastable  levels  and  lees  for  the  line  4358 

The  theoretical  interpretation  of  the  results  obtained  is  made  more  diffi¬ 
cult  by  the  fact  that  there  are  no  dependable  data  on  the  energies  and  concen- 

a 

tratlons  of  electrons  in  /|  discharge  of  this  type. 

The  values  obtained  for  the  transparency  in  accordance  with  (16)  corres¬ 
pond  to  approximately  equ.1l  to  0.005.  If  one  considers  the  form  of  the 
lines  as  of  the  Doppler  type  and  aakes  use  of  the  formula  (8)  (A.^^  of  the 
order  lO"^  sec”^),  then  for  the  concentration  of  the  atoms  at  the  top  level 
we  get  a  value  of  the  order  of  10^.  Tor  the  given  conditions  this  value  is 

high.  On  the  other  hSi.  atteants  to  exnlain  the  valtaes  obtained  for  transpaxw 

4 
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